Nationwide Cerebrovascular Disease Morbidity Study
• Previous studies have noted that the geographic differences in stroke mortality among areas of the United States were not due to artifacts of certification practices or accuracy of the diagnosis. A study of hospitalized stroke patients was completed in order to determine whether the mortality differences were due to a higher incidence or case fatality following a stroke in areas with high stroke death rates. Eight of the nine areas that participated in the Nationwide Mortality Study were included in this study. A total of 2,619 stroke cases were ascertained including 1,631 (62.3%) who were alive at the time of hospital discharge, 937 (35.8%) dead at discharge, 46 (1.7%) who were discharged alive but died outside of the hospital, and five (0.2%) who were dead at discharge and certified by the medical examiner.
The incidence of stroke was higher in the high stroke death rate areas especially for men. The ratio of the incidence of stroke in men as compared to women was higher in the younger age groups (45-54, 55-64) and in the highincidence as compared to low-incidence areas.
The case-fatality percentage was lowest in Denver and highest in South Carolina. Presence of coma on admission was the principal determinant of subsequent mortality in all areas.
Finally, there was no consistent difference in the distribution of symptoms of stroke among the areas, and diagnostic procedures were performed more often in urban than rural areas. Approximately 80% of the stroke cases could be substantiated by either an autopsy verifying diagnosis, arteriography, hemorrhagic spinal fluid, hemiplegia or coma on admission. Several hypotheses to explain the differences have been suggested as well as the need for new information.
Introduction
• Large differences in cerebrovascular disease mortality among geographic areas of the United States have been reported. Death rates were higher in the southeastern states, especially along the Atlantic coast, and lower in the plains and Rocky Mountain regions. 1 A study of death certificates in nine areas of the United States including three with high, three with intermediate, and three with low stroke death rates had shown that the geographic differences were not due to certification practices or to criteria for the clinical diagnosis of stroke.
"
6 However, these variations in mortality could result from differences in either the incidence of stroke or the case-fatality ratios following a stroke. For example, the incidence of stroke could be higher and the case-fatality percentage the same, or the incidence could be the same but the case fatality greater in the high rates areas.
The study of stroke incidence presents a formidable problem. First, the incidence of stroke is relatively low for the age groups 40-69 which show the greatest mortality differences between the areas; it is only about 2/1000 for ages 45-54, and 4/1000 for ages SS-o^-. 5 -9 A large population sample followed for a reasonably long period is necessary in order to have enough cases to estimate an incidence at this level. Second, a crosssectional or surveillance approach necessitates the cooperation of physicians because an unknown percentage of stroke cases are not admitted to a hospital or other medical facilities. Differences in reporting by physicians could substantially affect the incidence rates. Furthermore, the accuracy of the diagnosis of the reported cases by physicians is difficult to evaluate. Restricting the study to hospitalized cases would provide a reasonable estimate of the incidence of stroke and allow comparison among areas if: (1) a high percentage of stroke cases were hospitalized; (2) the percentage of all stroke cases hospitalized were similar among the areas or were known so that adjustments for the differences in hospital admission rates could be made; and (3) the hospital admission policies were unbiased for the variables being compared such as age, sex, race, etc.
Methods
A study of stroke morbidity in eight of the nine areas (table 1) which had participated in the Nationwide Mortality Study was completed in order to compare: (1) the incidence of stroke based on hospitalized cases only; (2) the case fatality following a stroke; and (3) the clinical characteristics of the stroke cases. Hospitals in each area were asked to participate in the study. In several areas, hospitals in the surrounding major medical centers were also included. Stroke cases were then ascertained from the hospital discharge indices.
Nurses or other trained personnel abstracted the hospital records of all discharges listing stroke for whites aged 45-69 during 1965. Deaths were also ascertained from the lists of hospital deaths reported in the Nationwide Cerebrovascular Disease Mortality Study. Cases were collected for a two-year period in North Carolina and for one year in the other areas. Over 90% of the hospital records could be reviewed in six of the eight areas including the three low (Miami, Denver and part of Kansas) and the three high (parts of North Carolina, South Carolina and Savannah, Georgia) stroke death rate areas. Since the accuracy of the method of case ascertainment from hospital discharge indices was not known in each area or within each hospital, a sample of records for which stroke was not listed as a discharge diagnosis in the diagnostic index was also reviewed to determine if a stroke diagnosis was contained in the hospital chart.
The denominator for estimating the incidence of stroke was based on the 1960 census of the population. 10 Changes in the population for those 45-69 years of age between 1960 and 1965 should have little effect on these estimates, except perhaps in Miami where the incidence will probably be overestimated because of the relatively more marked increase in the population. Estimates of incidence and case-fatality rates will be reported only for the six areas in which ascertainment of cases was practically complete.
Results
A total of 2,619 stroke cases were ascertained, including 1,631 (62.3%) who were alive at the time of hospital discharge, 937 (35.8%) who were dead at discharge, 46 (1.7%) who were discharged alive but died outside the hospital according to the death certificate obtained in the mortality study, and five (0.2%) who were dead at discharge and certified by the medical examiner (table 2) . The 2,619 strokes were subdivided into the following four groups according to whether there was a new stroke on the current admission and/or a past history of stroke 88 (table 3): (1) 255 (9.7%) with a past history of stroke only; (2) 372 (14.2%) with a past history of stroke and a new stroke on the current admission; (3) 1,663 (63.5%) with a new stroke and no past history of stroke; and (4) 329 (12.6%) with a new stroke and an unknown past history of stroke. Unless otherwise noted, the 255 strokes with a past history only were excluded from the analysis.
Of 3,305 hospital records in which the hospital discharge index did not include a stroke diagnosis, only 52 (1.6%) had a stroke listed on the hospital record. Of these 52 stroke records, 37 (71.2%) listed stroke in the past history, three (5.8%) were admitting diagnoses, 10 (19.2%) occurred during hospitalization, and only two (3.8%) were discharge diagnoses. No differences between the areas were noted. The hospital discharge indices were therefore felt to be reasonably complete.
The incidence of stroke was higher in areas with high stroke mortality (North Carolina, South Carolina, and Savannah) as compared to the low areas (Miami, Denver, Kansas). These differences were present when the rates were based on either all stroke diagnoses including the strokes mentioned in the past history only (col. 1, 
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The incidence of stroke for males is higher in the high death rate areas.
areas in all three age groups ( fig. 1 ) but only for the older ages for women ( fig. 2) . Also, the ratio of the incidence in men to that in women within an area was much greater in the high areas, especially North Carolina and Savannah among those under 55 years of age, than in the low areas (fig. 3 ); no differences between areas were noted among those 65-69 years of age.
Comparisons of incidence and death rates are shown in figure 4. The ratio of the age and sex-specific incidence rates in the high as compared to the low areas was generally smaller than the corresponding ratios of the death rates previously reported. 2 For men both the incidence and mortality ratios were greatest for ages 45-54, while for women the ratios were greatest for ages 65-69. The incidence of stroke is higher for females in the high death rate areas only in the older age group (65) (66) (67) (68) (69) The sex ratio of the incidence of stroke in males as compared to females is higher in areas with high incidence, especially ages 45 to 54.
Finally, the age-specific incidence rates for men in Savannah (high incidence area) based only on new stroke cases without a past history of stroke were higher than the incidence rates reported in several other community studies, 0 " 9 while the incidence in Denver (low incidence area) was generally lower ( fig. 5 ). This is especially interesting since higher incidence rates in Savannah were based on hospitalized cases only, while the other studies used more complete methods of case ascertainment.
Therefore, the incidence of stroke was (1) greater in high than low stroke death rate areas, (2) higher for men than women, especially in the high incidence areas, and (3) also apparently greater in the high areas than in other communities in the United States.
The case-fatality percentage was defined as the percentage of stroke cases who were dead at the time of hospital discharge. The case-fatality percentage varied from 28% in Denver to 49% in South Carolina (table 5) . No consistent differences were noted in the case-fatality percentage by age or sex. Because 90 the dead cases could be ascertained from two sources (hospital indices and the death certificates) while the living cases could be identified from the hospital indices only, the case-fatality percentage may be inflated. However, as previously noted, practically no stroke cases were located that were not listed in the indices.
Although the case-fatality percentage was similar in most of the areas, deaths tended to occur earlier in the hospitalization in the high areas. Approximately 8% of the stroke admissions had died within two days of admission in Denver and Kansas (low incidence areas), while nearly 20% had died in the three high stroke incidence areas. By the time of hospital discharge, however, there was much less difference between the high and low areas (table 6). Possible explanations for this observation are: (1) differences in the distributions of the specific types of stroke among the areas, deaths in the first few days being attributed to hypertensive cerebral hemorrhage and the later deaths to cerebral thrombosis or embolism; (2) For males, both the ratio of incidence of stroke and mortality in the high as compared to low areas is greater in the youngest age group (45-54) while for females the ratio tends to increase with age. of the stroke and admission to the hospital in the high rate areas so that the patient died shortly after reaching the hospital in the high areas; (3) differences in treatment within the hospital, delaying the time of death without changing the case-fatality percentage. Information about the time between onset of stroke and admission to the hospital was felt to be unreliable. As for difference in treatment, no accurate measure of the effect of medical care was available. Thus the reasons for the differences in distribution of time of death cannot be determined.
Only 19% of the patients were comatose on admission to the hospital in Denver as compared to 33% in South Carolina. As shown in figure 6 , case fatality was considerably higher among those comatose on admission in all areas: 77% of comatose patients died as compared to 29% of noncomatose individuals. 59 64
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The age-specific incidence of stroke for white males in Savannah is higher than that reported in other studies, while the age-specific incidence is lower in Denver.
The case-fatality percentage for comatose patients was similar among the areas, but only 18% of noncomatose patients had died in Denver as compared to 36% in South Carolina. Thus, differences in case fatality between Denver and South Carolina were related to both the percentage of comatose patients on admission (19% as compared to 33%) and the higher case fatality for noncomatose patients (18% as compared to 36%). The distribution of the specific types of stroke was similar among the areas (table 7) . Approximately half the cases were attributed to thrombosis and/or embolism, and for another 25%, no specific type of stroke was reported in the chart. As previously reported in 92 the mortality study, the accuracy of the diagnosis of the specific type of stroke was suspect because of the paucity of diagnostic procedures such as spinal puncture, arteriogram, or postmortem examination. 5 There was no evidence from this study, however, to suggest that any specific type of stroke accounted for the differences in incidence among the areas.
The frequency of symptoms of stroke on admission to the hospital is shown in table 8. Although there was considerable variation in the distribution of individual symptoms among the areas, no consistent pattern emerged. In general, the frequency of coma, convulsions and headache on admission was higher in the high incidence areas. However, there appeared The presence of coma on admission to the hospital was associated with a higher case-fatality rate. Areas in low incidence and mortality generally have lower case-fatality rates, especially for noncomatose individuals.
90
to be just as great a variation between areas within the high incidence group (North Carolina, Georgia and South Carolina) as between high and low incidence areas. Thus the frequency of coma on admission between two high areas varied from 32.7% in South Carolina to 24.3% in North Carolina and between two low areas from 27.5% in Miami to 17.7% in Kansas. Any difference in the distribution of symptoms among the areas may be due to either differences in type of stroke, adequacy of clinical examination, or completeness of the record. Approximately 955 (41.2%) of the 2,320 records listed a spinal puncture, 351 (15.1%) an arteriogram, and 54 (2.3%) a craniotomy (table 9). The frequency of diagnostic procedures was much higher in the cities (Denver, Miami, Seattle, Buffalo, Savannah) than in the rural areas (Kansas and North and South Carolina). However, there was no difference between urban high or low incidence areas (Savannah and Denver) or rural high and low areas (Kansas and North and South Carolina).
Finally, the accuracy of the stroke diagnosis was based on a combination of Strok; Vol. I, March-April 1970 diagnostic procedures and stroke symptoms. Approximately 80% of the stroke diagnoses could be substantiated by either an autopsy, an arteriogram, hemorrhagic spinal fluid, hemiplegia or coma on admission not apparently due to other causes. There was no consistent difference between the high and low areas (table 10) .
Over half of the stroke records also listed either hypertension, arteriosclerotic heart disease, or diabetes (table 11). The distribution of these three diseases was similar among the areas except for the low frequency reported in South Carolina. Whether the frequency of these diseases is greater than would be expected can only be determined by a special study comparing these diseases in a stroke-free population. Other studies have also reported an increased risk of cerebrovascular disease among patients with hypertension, diabetes, or heart disease.
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Discuss/on
The high stroke mortality areas in the southeastern United States apparently also have a higher incidence of stroke than the low stroke mortality areas. Possible differences in 
No.
No. the percentage of all stroke cases that were hospitalized might explain the variations in incidence among the areas. If a high percentage of all stroke cases were admitted to the hospital in the high areas, the incidence based on only hospitalized cases would be inflated relative to the other areas. A higher percentage of less severely ill stroke cases would, therefore, be admitted in the South and this should result in lower case-fatality percentage. However, it was found that the case-fatality percentage was either the same or higher in the 94 high areas as compared to the low areas. Certainly both a higher case-fatality percentage and a higher frequency of coma in South Carolina as compared to Denver would suggest a more selective admission policy in South Carolina. The difference in the incidence of stroke between these two areas was, therefore, probably underestimated. Furthermore, the greater difference in incidence for men as compared to women among the areas would also rule out an effect of a hospital admission bias unless there were selective admission •Excludes deaths certified by the medical examiner (five), cases discharged alive from hospital but subsequently found dead on mortality study (40), and stroke in past history only. •Excludes deaths certified by medical examiner (five), cases discharged alive from hospital but subsequently found dead in mortality study (40), and stroke in past history only.
Miami
policies for men in the high areas. Again, the absence of a difference in case fatality between men and women in each area would be strong evidence against differential admission policies.
Differences in case fatality between the areas was small except for that noted between Denver and South Carolina. Most of the differences in mortality between areas of the United States are probably a manifestation of a higher incidence of stroke rather than of differences in case fatality following a stroke.
The reasons for the differences in incidence among the areas of the United States is not known. International differences between the United States and Japan are being studied and suggest that the higher rates in Japan are due to both cerebral thromboembolism and hemorrhage. 18 -16 Also, the Japanese have as much or more atherosclerosis of the circle of Willis as an age, sex-matched comparison group in Minnesota, 13 but little atherosclerosis of the coronary arteries and low arteriosclerotic heart disease death rates. 10 Areas of the United States with high stroke death rates, on the other hand, also have higher death rates from arteriosclerotic heart disease as compared to the low stroke areas.
2 Also, within the United States, Negroes have much higher stroke rates than whites, 17 but either the same or lower mortality and morbidity from arteriosclerotic heart disease. 18 " 20 Whether one specific type of stroke accounts for the race, sex and area difference within the United States is unknown. Lack of adequately detailed clinical and pathological studies in these areas of the United States precluded a careful separation of hemorrhage and thromboembolism. Three risk factors appear to be of major importance for stroke: elevated blood pressure, 11 ' 14 elevated lipids, 11 and high blood sugar or diabetes.
'
2 " Considering the geographic differences in stroke incidence and mortality and the reported distribution of these variables, a reasonable hypothesis might be that: (1) populations characterized by a high prevalence of hypertension but low lipid levels would have high rates of primary intracranial disease, consisting of both thromboembolism and hemorrhage, but little extracranial disease or atherosclerotic heart disease (Japan); (2) populations with both elevated blood pressures and lipids would have high rates of both intracranial and extracranial disease as well as atherosclerotic heart disease (U. S. Negroes); and (3) populations with elevated lipids would tend to have extracranial disease and high rates of atherosclerotic heart disease (U. S. whites). Elevated blood sugar probably would also affect the incidence, type and distribution of disease.
This hypothesis suggests that the prevalence of both hypertension and elevated lipids should be greater in the high rate areas of the southeastern United States because of the increased death rates from both stroke and arteriosclerotic heart disease among whites. Negroes should have a higher ratio of intracranial to extracranial disease as compared to whites and also, perhaps, should women as compared to men. Treatment of both hypertension and elevated lipids should result in the reduction of the incidence of both stroke and arteriosclerotic heart disease, while treatment of hypertension alone should have a greater effect on stroke, and lipids alone on arteriosclerotic heart disease. Further studies of these relationships should include: (1) complete ascertainment of all stroke cases in these areas in order to determine the true incidence of stroke as well as the comparison of incidence among Negroes and whites; (2) the determination of risk factors associated Excludes deaths certified by medical examiner (five), cases discharged alive from hospital but subsequently found dead in mortality study (40), and stroke on past history only.
with the high incidence of stroke in the high stroke incidence and mortality areas; (3) measurement of possible environmental and familial factors that are associated with hypertension in order to develop procedures for primary prevention of elevated blood pressure; (4) better clinical and pathophysiological correlations in order to determine the type of stroke disease, the typographical distribution of disease and interrelationships with the risk factors. For example, a comparison of the distribution of significant vascular disease (intracranial and extracranial) among individuals with stroke in different populations would be worthwhile as well as a comparison of this distribution in relation to selected risk factors such as diabetes, hypertension and elevated lipids; and (5) clinical trials to measure the effectiveness of reducing the levels of blood pressure and serum lipids on the incidence of stroke and heart disease in the community.
